Water permeation across lipid bilayers studied by pulsed field gradient NMR by Lange, Frank et al.
The Open-Access Journal for the Basic Principles of Diffusion Theory, Experiment and Application
Water permeation across lipid bilayers studied by pulsed
field gradient NMR
Frank Lange∗, Jan-Nicolas Leiste, Ruth Ba¨renwald, Kay Saalwa¨chter
Martin-Luther-Universita¨t Halle-Wittenberg, Institut fu¨r Physik, Halle, Germany
∗frank.lange@physik.uni-halle.de
The investigation of the physicochemical properties of lipid membranes is most important for under-
standing the structure, dynamics and function of biological membranes. One special feature of lipid
membranes is the permeability for small molecules and especially for water. So far, this property has
been studied for instance by isotope exchange [1], NMR relaxation [2], theoretical approaches [3] and
pulsed field gradient (PFG) NMR [4, 5, 6]. The latter technique has benefited from improvements in the
preparation of macroscopically oriented lipid bilayers covering glass plates, which results in samples
with an anisotropic diffusion coefficient for water and lipids. This anisotropy can be characterized by
application of pulsed field gradients in different directions with respect to the bilayer normal.
In this contribution we will examine the permeability of water through model bilayer systems consist-
ing of phospholipids in the Lα phase. First, we will try to reproduce the observations of Filippov and
coworkers [5, 6], who determined diffusion coefficients of water parallel to and across oriented lipid
bilayers. The application of Tanner’s model for diffusion through permeable parallel barriers [7] then
allows the calculation of the bilayer permeability. Furthermore, we will investigate the dependency
of the permeability on several experimental parameters, e.g. temperature, degree of hydration and
cholesterol content.
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